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Characterization of gamma-ray emission  
from neutron capture on Gd and Cd 

 
M. Jandel, T.A. Bredeweg, A.J. Couture, T. N. Taddeucci and J.L. Ullmann  

Los Alamos National Laboratory, Los Alamos, NM, 87545, USA 
J. B. Czirr 

Brigham Young University, Provo, UT 84602 
 

Summary: We  request 5 days of beam time at flight path 14/ DANCE to measure 
neutron capture gamma-ray cascades from natCd(n,g) and natGd(n,g) 

 
Motivation 
 
The Gd and Cd isotopes have the largest neutron capture cross sections for thermal 
neutrons.  Many nuclear application benefit from these large cross sections to attenuate 
the neutron flux. However, advanced neutron detector research and development can use 
the gamma-rays that follow neutron capture on these isotopes to detect neutrons. Such 
detectors can be used in portal monitors of strategic nuclear material. However, existing 
data on gamma-ray emission following neutron capture lacks the information on 
correlated data, e.g. information on the gamma-ray capture cascade. It is highly desired to 
measure and interpret the matrix of gamma-ray multiplicity versus gamma-ray energy. In 
this proposal we would like to measure such correlated data for Cd and Gd using the 
DANCE array at flight path 14. We successfully succeeded these type of measurements 
in the past. The experimental results were usually interpreted using the simulation of the 
capture gamma-ray cascades followed by the simulation of the DANCE array in 
GEANT4 to account for the DANCE gamma-ray detection response. The GEANT4 
simulation of the DANCE array is well calibrated using gamma-ray sources. Therefore 
using a trial and error approach, we will find the best model parameters for the statistical 
de-excitation codes to fit the measured data – the main sensitive parameters of these 
model are gamma-ray strength functions and nuclear level density. It is worthwhile to 
mention, that many applications may benefit from the measured data directly without 
improving the measured data through simulations. 
 
Targets and Measurements 
 
As opposed to cross section measurements, the targets for these measurements do not 
need to be well characterized and it is sufficient to know the approximate total mass of 
the targets. In case of thick targets however, we need to understand the geometry and 
thickness of the sample to simulated the gamma-ray attenuation. The detailed knowledge 
of the neutron flux is not required.  
 
The measurements will be performed for resonance region above 0.4 eV and for thermal. 
 



a) Resonance region: We will use the pressed 5-7 mm diameter targets with the areal 
mass of tens of mg/cm2 for the measurements in the resonance region. For these 
measurements we will use the Cd filter to remove neutrons below 0.4 eV from the 
neutron flux.  
 
 
b) Thermal neutrons: 
For the measurements at thermal energies we will use thin electroplated targets prepared 
at C-NR with the thickness of  ~1 ug/cm2. 
 

 
Figure 1 Neutron Capture cross sections for isotopes of Cd from thermal energy to 500 eV. 

 
Figure 2 Expected count rate from Cd113(n,g) reaction using 50 mg natCd target (12% of 113Cd 
abundance in the natural Cadmium was assumed) 



 

The neutron capture cross sections for Cd isotopes are shown in Figure 1. The Cd-113 
isotope has the largest thermal cross section. We estimated rates due to the neutron 
capture on this isotope for the 50 mg thick pressed natCd target, assuming two days of 
beam and 12% abundance of Cd-113 in the natural Cadmium. We will prepare targets of 
several thicknesses to avoid attenuation effects and pile-up effects. 
 
Similarly, for Gd, isotopes Gd-155 and Gd-157 have the largest thermal cross sections – 
see Figure 3. The expected rate in the resonance region is shown in Figure 4 for Gd-157 
for  two days long measurement assuming  50 mg thick target. 
Beam time request 

 
Figure 3 Neutron capture cross section for the isotopes of Gd from thermal energy to 500 eV. 

 
Figure 4 Expected count rate from Gd157(n,g) reaction using 50 mg natGd target (15% of 157Gd abundance 
in the natural Gadolinium was assumed) 



 
We request 5 days of the beam time at flight path 14.  
We would like to use first two or three days in June 2010 and then continue these 
measurement later by the end of the year 2010. There is a possibility that auxiliary HPGe 
detectors will be added to the DANCE array in late 2010, and we would like to use these 
detectors to measure spectroscopic information on the capture cascades for these 
materials. 


